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SYSTEMS AND METHODS FOR IMPLEMENTING 
FORMULAS 

RELATED APPLICATION DATA 

[0001] The present application claims the bene?t of pri 
ority of US. Provisional Application No. 60/515,411, ?led 
Oct. 30, 2003, entitled “Systems and Methods for Value 
Chain Analysis,” and US. Provisional Application No. 
60/539,974, ?led Jan. 30, 2004, entitled “Systems and 
Methods for Value Chain Analysis,” both of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention generally relates to the ?eld 
of data processing and to computeriZed systems and meth 
ods that implement formulas. More particularly, the inven 
tion relates to systems and methods that assist users in 
building and implementing formulas for data processing and 
other applications. 

[0004] 2. Background Information 

[0005] Many current computer softWare applications, such 
as spreadsheets and database managers, accept and use 
formulas. Generally, a formula is a mathematical construct 
that de?nes a relationship betWeen tWo or more values 
contained in the formula’s operands. 

[0006] As a speci?c example of an application that uses 
formulas, consider a spreadsheet application. A typical 
spreadsheet is a computeriZed matrix of roWs and columns 
de?ning cells. A spreadsheet resembles an accountant’s 
Worksheet and is used for tasks such as budgeting, check 
balancing, calculations for decision charts, grading calcula 
tions, and What-if computations, among others. Spreadsheet 
roWs are typically labeled With numbers (1,2,3,4, . . . ) and 

columns are typically labeled With letters (A, B, C, D, . . . 
). A cell is identi?ed by its column and roW names, such as 
“C2.” 

[0007] A spreadsheet cell may contain different things, 
including a label, a value, a formula, or a function. A label 
is typically descriptive text. Labels cannot be treated math 
ematically; that is, they cannot be multiplied, subtracted, etc. 
Atypical spreadsheet application program may treat any cell 
contents beginning With A-Z (e.g., ALIMONY, TOTAL, 
HOUSEHOLD EXPENSES, etc.) as a label. Values are 
numbers that are the data in a spreadsheet (e.g., 5, 123.45, 
999.5, etc.). The spreadsheet can treat values mathemati 
cally. For example, With a spreadsheet, values can be mul 
tiplied, subtracted, squared, etc. Formulas de?ned in a 
spreadsheet may perform mathematical calculations on a set 
of operands, such as referenced cells and constants (e.g., 
A1+C2+A3, A1 +AZ/3, etc.). The calculation is determined by 
the operator(s) in the formula, Which may be mathematical 
operators (+, —, *, /, etc.) or comparison operators (=, <, >, 
etc.), among others. 

[0008] Many spreadsheets require formulas to begin With 
an equal sign “=,” so the application recogniZes the cell 
contents as a formula (e.g., =A1+C2+A3 and =A1+AZ/3). 
The spreadsheet performs the mathematical operations on 
the referenced cells and constants. 
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[0009] The spreadsheet user (or calling program) de?nes a 
formula using a formula builder component of the applica 
tion With an interface that alloWs the user to enter and edit 
a formula. In Microsoft ExcelTM for example, the formula 
builder interface is a bar located beloW the toolbar. If the 
formula is not entered correctly, it may produce an erroneous 
result or be ?agged as an error by the spreadsheet applica 
tion. Similarly, if the referenced cells contain erroneous data, 
the formula’s output Will be incorrect. 

[0010] A prede?ned set of formulas or functions may be 
built into the spreadsheet program. Common functions are 
available, such as: “SUM” Which totals the values in the 
cells referenced; “AVERAGE” Which ?nds the average of 
the values in the cells referenced; and “STDEV” Which ?nds 
the standard deviation of the values in the cells referenced. 

[0011] Typically, functions begin With an equals sign 
folloWed by the function name and the referenced cells on 
Which the function is performed. For example, 
=SUM(A1:A3) adds the values in the referenced cells 
A1+A2+A3 and places the ansWer in the cell containing the 
function. As With formulas, the spreadsheet user or calling 
program enters the function’s referenced cells. If the refer 
enced cells contain erroneous data, the function’s output Will 
be incorrect. 

[0012] Errors in the result output by a formula or function 
can be costly, especially in applications used in business. For 
example, if formulas are used to compute the key operating 
?gures for a company, errors in the formula output can 
generate misleading results or incorrect performance indi 
cators. Many errors are caused by manual user input mis 
takes or variations in the data source(s), yet, business 
application customers must have a formula builder to de?ne 
and implement formulas, Which are often used to calculate 
key ?gures that are unique to each business. This is espe 
cially true for analytical applications, such as spreadsheets 
and database managers, because the formulas used tend to be 
highly user-speci?c and thus unsuited for canned prede?ni 
tion in the application code by a softWare vendor. 

[0013] Conventional formula builders, hoWever, have sev 
eral shortcomings that make the task of de?ning and imple 
menting formulas complex and error prone. For instance, 
many of the values used in a typical business formula 
calculation have an associated dimension, such as a value 
that stands for an amount of money or a quantities of 
products, as opposed to being a dimensionless scalar. Con 
ventional formula builders, hoWever, (such as the one in the 
Microsoft ExcelTM spreadsheet program) treat all values as 
scalars. This creates a problem if the formula performs an 
operation on nonscalar values having dimensions that don’t 
match, such as adding an amount of money value to a 
quantity of Widgets value. Similarly, treating all values as 
scalars creates a problem if the formula performs an opera 
tion on values that have the same dimension but different 
units, such as adding a quantity in pounds to a quantity in 
kilograms, or adding an amount in dollars to an amount in 
Euros. 

[0014] Because of this treatment, the user of a conven 
tional formula builder must check Whether dimensions and/ 
or units are consistent and correct, and if not, painstakingly 
create a formula that explicitly performs conversions and 
treats dimensions correctly. 

[0015] Because they handle all values as scalars, conven 
tional formula builders cannot detect errors caused by per 
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forming operations on operands having incompatible dimen 
sions. For example, a conventional spreadsheet does not 
check Whether a user-de?ned formula is erroneously trying 
to add a quantity-dimensioned operand (such as 100 pieces) 
to a price-dimensioned operand (such as 100 Euros per 100 
pieces) or erroneously trying to multiply tWo quanties (such 
as 100 pieces><50 pieces) instead of correctly multiplying a 
quantity by a scalar (100 pieces><50). Similarly, a conven 
tional spreadsheet does not check Whether a user-de?ned 
formula is erroneously trying to perform operations on tWo 
operands that are expressed in different units, such as adding 
a quantity expressed in units of pounds to a quantity 
expressed in units of kilograms. Not taking an operand’s 
dimension and units into account causes errors and results in 
inef?cient troubleshooting and correction of formulas. 

[0016] For example, a business’s production costs of 
materials are calculated by adding up the costs of all 
materials and activities required to produce its product. A 
basic formula for this to be entered in an application may be: 
Production Costs=Z(Costs of RaW Materials)+Z(Costs of 
Activities). A problem arises With this formula, hoWever, if 
the values for the costs of raW materials and the values for 
the costs of activities are stored in the application in different 
currencies, as might be the case if materials are imported 
from one country to produce a product in another country. A 
conventional formula builder requires the user to explicitly 
enter currency unit conversions so that the formula calcu 
lates the correct results. Consider, for example, a conven 
tional application program that includes a currency conver 
sion function “CURRENCY_CONVERT” built into its 
formula builder that takes four parameters as input (amount, 
source currency unit, target currency unit, exchange rate), 
and outputs an amount of target currency. Using this func 
tion, the basic formula for production costs becomes, for 
example: Production Costs=Z(IF (Currency of RaW Material 
x< >‘USD’, CURRENCY_CONVERT (Costs of RaW Mate 
rial x, Currency of RaW material x, ‘USD’, Some Exchange 
Rate’), Costs of RaW Material x)+Z(IF (Currency of Activity 
x< >‘USD’, CURRENCY _CONVERT(Costs of Activity x, 
Currency of Activity x, ‘USD’, Some Exchange Rate’), 
Costs of Activity 

[0017] Entering this complicated, expanded, production 
costs formula into an application program is both cumber 
some and error prone for a user. There are other problems as 

Well. For example, a user Who is unaWare that the raW 
material and activity costs values are in different currencies 
Will not include currency conversions When de?ning and 
entering the production costs formula, and the formula Will 
produce an incorrect output, unknoWn to the user. As a 
further example, consider a business that sWitches from 
purchasing raW materials from a domestic supplier that 
charges in the local currency to purchasing raW materials 
from a foreign supplier that bills in a foreign currency. There 
is a large possibility that the business’s personnel Will forget 
to modify all the formulas in existing application programs 
so that they perform the neWly needed currency unit con 
versions. And should they remember, it is costly to modify 
and test all the formulas in the business’s existing applica 
tion programs. 

[0018] Accordingly, it is desirable to provide systems and 
methods in Which a user does not need to explicitly de?ne 
conversions for the currencies or other units involved When 
building a formula. It is desirable to automatically covert the 
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values in a formula from one unit to another. It is also 
desirable to reduce the complexity of the formulas entered 
by a user and to provide greater ?exibility. It is also desirable 
to automatically recogniZe errors associated With the dimen 
sions of the operands used in formulas and to prevent the 
errors from entering the formula. It is also desirable to 
provide systems and methods in Which the formulas do not 
need to be manually adjusted to compensate for currency 
unit changes, quantity unit changes, and/or other unit or 
dimension changes in the operands of the formulas. 

SUMMARY OF THE INVENTION 

[0019] Systems and methods consistent With the present 
invention assist users in implementing formulas. Embodi 
ments of the invention include systems and methods for 
de?ning, building and executing formulas for data process 
ing and other applications. 

[0020] In accordance With one embodiment, systems and 
methods may be provided for identifying operand dimension 
errors to assist a user in de?ning a formula. Embodiments of 
the invention further include systems and methods for 
automatically adjusting or converting operand values 
according to their associated units during run-time or execu 
tion of a formula. 

[0021] Embodiments of the invention may treat the oper 
ands in a formula and the result produced by a formula as 
having a value and a dimension and perform error checking 
of the formula and/or automatic unit conversion based on the 
value and dimension of the operands. Embodiments of the 
invention may also recogniZe the different units associated 
With operand dimensions and automatically convert unit 
types so that a formula is correctly processed. 

[0022] Embodiments of the invention include systems, 
computer program products and methods performed by a 
processor for building a formula, the formula including an 
operator and operands With associated dimensions. The 
systems, computer program products and methods perform 
operations comprising: receiving a ?rst operand of the 
formula, identifying a ?rst dimension associated With the 
?rst operand, receiving an operator of the formula, deter 
mining a compatible dimension for the ?rst dimension 
associated With the ?rst operand, receiving a second oper 
and, identifying a second dimension associated With the 
second operand, and ?agging an error if the second dimen 
sion is not compatible With the ?rst dimension. 

[0023] Additional embodiments of the invention include 
systems, computer program products and methods per 
formed by a processor for executing a formula having 
operands and an operator in an application program. The 
systems, computer program products and methods perform 
operations comprising: retrieving data corresponding to a 
?rst operand for the operator of the formula, identifying a 
?rst unit type associated With the ?rst operand, retrieving 
data corresponding to a second operand for the operator of 
the formula, identifying a second unit type associated With 
the second operand, determining Whether the second unit 
type is compatible With the ?rst unit type, if the second unit 
type is not compatible With the ?rst unit type, converting the 
data corresponding to the second operand into an equivalent 
value of a unit type compatible With the ?rst unit type, and 
producing a result of the formula using the converted data. 
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[0024] In one embodiment, the second unit type is deter 
mined to be compatible With the ?rst unit type if the unit 
types are the same. In another embodiment, the unit type of 
the expected result of the formula is analyZed to determine 
if the second unit type is compatible With the ?rst unit type. 

[0025] In accordance With another embodiment of the 
invention, a method is provided for executing a formula 
having operands and an operator. The method performs 
operations comprising: retrieving data corresponding to at 
least one operand for the operator of the formula, identifying 
a unit type associated With the at least one operand, deter 
mining Whether the unit type of the at least one operand is 
consistent With an expected unit type to that operand, and if 
the unit type is not consistent With the expected unit type, 
converting the data corresponding to the operand into a 
value With a unit type that is compatible With the expected 
unit type. 

[0026] Additional objects and advantages of the invention 
Will be set forth in part in the description Which folloWs, and 
in part Will be obvious from the description, or may be 
learned by practice of the invention. The objects and advan 
tages of the invention Will be realiZed and attained by means 
of the elements and combinations particularly pointed out in 
the appended claims. 

[0027] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary and explanatory only and are not restrictive of 
the invention, as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
embodiments of the invention and together With the descrip 
tion, serve to explain the principles of the invention. 

[0029] FIG. 1 is a How chart of an exemplary method for 
building formulas, consistent With an embodiment of the 
invention; 
[0030] FIGS. 2a-2i illustrate exemplary user interfaces for 
building a formula, consistent With embodiments of the 
invention; 
[0031] FIG. 3 is a How chart of an exemplary method for 
implementing a formula With unit conversion, consistent 
With another embodiment of the invention; 

[0032] FIG. 4 is a How chart further representing an 
exemplary method for performing currency unit conversion, 
consistent With an embodiment of the invention; and 

[0033] FIG. 5 is a block diagram of an exemplary data 
processing system suitable for use With embodiments of the 
invention. 

DETAILED DESCRIPTION 

[0034] Reference Will noW be made in detail to exemplary 
embodiments of the invention, examples of Which are illus 
trated in the accompanying draWings. Wherever convenient, 
the same reference numbers are used in the draWings to refer 
to the same or like parts. 

[0035] FIG. 1 is a How chart representing an exemplary 
method for building formulas. The exemplary method of 
FIG. 1 may be implemented as a computer-executable 
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process using a data processing system or another suitable 
computing environment. By Way of example, in accordance 
With one embodiment of the invention, the process is 
included in a formula builder component or tool of an 
application program, such as a spreadsheet program or 
database manager program. 

[0036] The data processing system executing the process 
of FIG. 1 ?rst alloWs a user or a calling program to create 

or change a formula (step 100). In one embodiment, a 
formula toolbar interface may be displayed or otherWise 
provided to alloW a user to enter a formula or edit an existing 
formula using, for example, a keyboard and standard editing 
commands. The interface may support natural language 
commands and/or require that the user de?ne the formula 
using a library of command codes for functions and/or 
operands. Further, drop-doWn WindoWs and the like may be 
provided to assist the user in selecting the appropriate 
commands and building or editing the formula. As Will be 
appreciated by those skilled in the art, these and other 
conventional features may be used to implement the inter 
face and perform this step. 

[0037] Next, the process checks the dimension of each of 
the operands in the formula (step 105). Each operand may be 
treated as having a value and a dimension. A dimension 
describes the operand value, analogous to a type in computer 
programming languages. Examples of dimensions include a 
quantity dimension, Which represents a quantity of some 
thing other than money, (e.g., 100 pieces has a value of 
“100” and a dimension of “quantity of pieces”), an amount 
dimension, Which represents an amount of money (e.g., 
$5.00 has a value of “5.00” and a dimension of “amount of 
dollars”), a price dimension Which represents an amount 
dimension associated With a quantity dimension (e.g., $5.00 
per 100 pieces is a more complex dimension having an 
amount of “$5 .00” associated With a quantity of “100 
pieces”), and a “quantity With a base quantity” dimension, 
Which represents a quantity of something (other than money) 
associated With a base quantity of something (e.g., 100 
kilograms out of 1000 kilograms). A scalar is also a type of 
dimension. 

[0038] Based on the analysis, the process proposes to the 
user suitable dimensions or possible data items With suitable 
dimensions, such as a cell reference, variable, function, or 
constant of a suitable dimension type, that can compatibly be 
used in the operand that the user is currently editing (step 
110). 
[0039] In one embodiment, While a user de?nes or edits a 
formula, the formula builder process analyZes the formula’s 
structure and the dimensions of the variables, functions, and 
constants used for each operand, and prompts the user 
interactively during editing. For example, as the user de?nes 
a formula that calculates a cost value by multiplying a 
consumption quantity operand and a price operand (i.e., 
costs=consumption quantity * price), When the user enters 
“=quantity *,” the formula builder process proposes data 
items of dimension type “price” or functions that are able to 
return a “price” dimensioned value to ?ll in the missing 
operand. In one embodiment consistent With the invention, 
the dimension types are built into the formula builder. In 
another embodiment the dimension types may be de?ned by 
a user. 

[0040] In yet another embodiment, the process analyZes 
the entire formula after the user has ?nished editing, and 
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points out all of the needed dimension-related corrections at 
once. The process may prompt the user and propose correct 
formula entries using drop-doWn and/or pop-up WindoWs, 
redlines in the formula builder toolbar, voice-synthesiZed 
audio instructions, and/or other forms of display or prompt 
mg. 

[0041] In one embodiment consistent With the invention, 
the process determines the suitably compatible dimension(s) 
for an operand based in part on a set of rules for the 
operator(s) used in a formula. For example, in the case of an 
addition mathematical operator “+,” the rule for compatibil 
ity may be that the tWo operands on either side of the plus 
sign must both have the same dimension type, such as both 
being scalars. Thus, for the interactive prompting embodi 
ment, if the user begins to enter a formula such as “=A1+,” 
the process Will determine the dimension of the referenced 
cell or variable A1 for the operand on the left hand side of 
the plus sign, and remind the user that an operand With the 
same dimension should be entered next, on the right hand 
side of the plus sign. For instance, if the referenced cell or 
variable A1 contains the data item “100 pieces,” the process 
Will prompt the user to enter for the operand after the plus 
sign a data item that has a quantity type dimension. In one 
embodiment, the process may also consider the unit of the 
desired dimension and prompt the user to enter a data item 
With the same unit type as Well as the same dimension type. 

[0042] Another example of a compatibility rule may be 
that the multiplication operator “*,” should have at least one 
scalar-dimensioned operand on either side of the multipli 
cation sign, and may have an operand With any dimension on 
the other side. Thus, if referenced cell or variable A1 
contains the non-scalar data item “100 pieces,” the process 
Will propose that the user enter a scalar at the point Where the 
user has typed “=A1*” and provide an error indication if the 
user next enters a non-scalar-dimensioned data item instead. 

[0043] One of ordinary skill Will recogniZe that such rules 
may be tailored according to the expected values or correct 
output of a formula and/or one or more rules may be 
provided for each operator. For example, if the expected 
multiplication formula output dimension is a quantity With a 
unit of “foot-pounds,” the multiplication operator rule may 
be tailored to prompt the user to enter an operand With a 
quantity dimension having unit type “feet” and an operand 
With a quantity dimension having unit type “pounds.” In 
such embodiments, the rules take into account the output 
result’s dimension de?nitions and unit types, including the 
more complex dimensions, such as price, Which is an 
amount per base quantity (e.g., $5.00 per 100 pieces). Thus, 
for example, the division operator rules may alloW a user to 
enter a formula that divides an amount operand by a cur 
rency quantity operand to produce a price-dimensioned 
result. 

[0044] In another embodiment consistent With the inven 
tion, a rule for suitable dimensions of operands for arith 
metic function operators such as +, —, =, < >, <, >, <=, >=and 
all kind of statistical functions such as average, minimum, 
maximum and standard deviation may be that all operand 
must have the same dimension type. If the expected dimen 
sion type of the result value has been speci?ed, all operands 
must be of that same type. 

[0045] One embodiment uses one or more of the notations 
listed in Table 1 to aid in the rule determination and error 
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checking of a formula’s operands for the dimension types: 
scalar, amount, quantity, price, and/or quantity With base 
quantity. 

TABLE 1 

Dimension Dimension Short 
Amount Quantity Notation 

Scalar 0 0 (0,0) 
Amount (of money) 1 0 (1,0) 
Quantity 0 1 (0,1) 
Price 1 —1 (1,—1) 
Quantity With base 0 0 (0,0) 
quantity 

[0046] In one embodiment, these combinations of dimen 
sion types may handle almost all business application error 
checking using rules simpli?ed to algebraic formulas that 
are applied to the dimension notations. For example, to 
calculate the correct dimension of the value returned by a 
multiplication, the dimensions of both operands are 
summed. Thus for quantity * price: (0,1)+(1,—1)=(0+1, 
1—1)=(1,0), and the correct result is an amount. For quantity 
* “quantity With base quantity:” (0,1)+(0,0)=(0,1) and the 
correct result is a quantity. For amount * amount: (1,0)+(1, 
0)—(1+1, 0+0)=(2,0), and the result is a notation value that 
is not in Table 1. Accordingly, this indicates that multiplying 
an amount by an amount is incorrect as the operands are 
incompatible for the multiplication operator. 

[0047] For division, the dimension of the denominator 
may be subtracted from the numerator’s dimension. For 
example, amount/quantity: (1,0)—(0,1)=(1—0,0—1)=(1,—1), 
and the correct result is a price. Further, for amount/scalar: 
(1,0)—(0,0)=(1,0), and the correct result is an amount. 

[0048] These notations and rules may also be used to 
determine the result of a complex term, for example, quan 
tity 1 * amount 1/(quantity 2 * (amount 2/amount 3)) may 
be analyZed as (0,1)+(1,0)—(0,1)—((1,0)—(1,0))=(1,0), indi 
cating that the correct result is an amount. 

[0049] In this embodiment, there is at least one exception 
to be considered: the multiplication of tWo quantities may 
correctly return another quantity, e.g., meter times meter 
yields square meters. In the notation described in Table 1 and 
the associated rules, the result Would be (0, 2). Hence to 
alloW this operation on certain quantities, Table 1 could be 
modi?ed to include a (0, 2) notation for a quantity, thus 
alloWing the rules to consider correct a formula that calcu 
lates a quantity by multiplying tWo other quantities. It 
folloWs, hoWever, that the formula can only yield a correct 
result if the unit of the result (like square meters) exists and 
if it is knoWn to any unit conversion service deployed. 

[0050] Rules for other mathematical operators, compari 
son operators, such as equal, and other operators may also be 
implemented, consistent With the principles of the invention. 
Rules for the inputs and outputs of common prede?ned 
functions, such as SUM and AVERAGE, may also be 
implemented as part of the exemplary process of FIG. 1. 
One of ordinary skill Will recogniZe that other techniques for 
analyZing formulas, including those containing parenthesis 
and those based on operator precedence, may also be imple 
mented Without undue experimentation. 

[0051] In one embodiment consistent With the invention, 
the process recogniZes that some dimensions are compatible 
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With more than one other dimension for some operators. One 
or ordinary skill Will recognize that such compatibility 
capabilities may be implemented With additional rules. 

[0052] In one embodiment consistent With the invention, 
the process determines the suitable dimension for an oper 
and based in part on the expected output of the formula 
instead of, or in addition to, prede?ned rules for each 
operator. The expected output may be based on the dimen 
sion that holds the formula result, on user input, or on some 
other source. For example, to check a formula that calculates 
a cost amount (e.g., $100) by multiplying a consumption 
quantity and a price (i.e., cost=consumption quantity * 
price), the process dynamically evaluates the operands’ 
dimensions as they are entered and determines What dimen 
sion(s) is needed to complete the equation. Thus, When the 
user enters “=A1 *” the formula builder process analyZes the 
dimension of “A1,” determines that it has a quantity dimen 
sion type and a unit type of “pieces” (for example), and 
given that the formula output is a cost amount (in units of 
dollars for example), proposes data items or functions of 
dimension type “price” for the second operand, because only 
a price-dimensioned operand (e.g., dollars/pieces) can be 
multiplied by the quantity-dimensioned ?rst operand to 
produce an amount-dimensioned result. For example, 100 
pieces (consumption quantity) * $5 per 100 pieces (price)= 
$5 (cost amount). 
[0053] Referring again to FIG. 1, the process may also 
evaluate the entire formula for internal consistency in terms 
of, for example, operand dimensions, intermediate results 
dimensions, and dimension of the result (step 115). This step 
may be performed after the user or calling application has 
entered a complete formula. In one embodiment consistent 
With the invention, the process may include a check on 
Whether the result of an entered formula has the dimension 
expected by the application, and if not, the process may 
notify the user of the problem and/or proposes corrections 
for the error. Depending upon the application environment, 
step 115 may be made optional or eliminated entirely from 
the exemplary process of FIG. 1. 

[0054] After the formula has been checked and corrected, 
the formula may be stored (step 120). As part of this step, the 
formula may be stored in a database or other storage 
application on a disk or other storage medium. The formula 
may be stored separately (e.g., so that the formula may be 
called and used by one or more application programs) or as 
part of an executable applications program for data process 
ing and/or other uses, such as a spreadsheet application 
program. 

[0055] FIGS. 2a-2i illustrate an exemplary user interface 
for building a formula consistent With the invention. In these 
?gures, assume a user is building the folloWing formula: 

IF Sales Quantity < >0 THEN 

Calculated Price=Total Costs/Sales Quantity; 

ELSE 

Calculated Price=Total Costs/Schedules Activity, 

[0056] Wherein the result “Calculated Price” has a 
dimension of type price (i.e., amount/quantity), 
“Sales Quantity” has a dimension of type quantity, 
“Total Costs” has a dimension of type amount, and 
“Schedules Activity” is a function that returns an 
amount-dimensioned type value. 
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[0057] The exemplary formula builder interface 200 illus 
trated in FIG. 2a ?rst enables a user to specify the result or 
output of the formula, including the dimension type of the 
result, such as a calculated price 202. After specifying the 
result, the user proceeds to de?ne the formula that produces 
the result. For the formula discussed above as an example, 
the user chooses “logical function” from the menu of 
formula parts 204, and chooses the “IF” function 206 from 
the submenu of logical functions. 

[0058] As further shoWn in FIG. 2b, formula builder 
interface 200 may respond by displaying a menu of possible 
conditions 208 for the “IF” function 206. To implement the 
sample formula noted above, the user selects “logical func 
tion”209 from the menu of possible conditions 208 and 
selects not-equal-to (“< >”) from the submenu of logical 
functions 210. 

[0059] As shoWn in FIG. 2c, based on the selection of the 
not-equal-to function 210, formula builder interface 200 
may display a menu of possible operands 211 for the ?rst 
value to be compared by the not-equal-to function 210. To 
implement the exemplary formula noted above, the user 
chooses “node”212 from the menu 211 and chooses “sales 
quantity” from the submenu of possible nodes 214, as 
illustrated in FIG. 2c. 

[0060] Referring to FIG. 2d, a user may then use exem 
plary interface 200 to de?ne the second operand “compari 
son value 2”215 for the not-equal-to operator 210 by select 
ing “general variables”216 from a menu of possible 
operands 211 and selecting “quantity 0”218 from the result 
ing submenu. At this point, the user has de?ned the ?rst 
portion of the formula as: “IF Sales Quantity < > Quantity 
0.” 

[0061] Next, the user may choose an operator for the “if 
true” branch 220 of the IF operator 206. To implement the 
exemplary formula, the user chooses the function “/” (divi 
sion) (not shoWn). 
[0062] As illustrated in FIG. 26, interface 200 may then 
present the tWo operands for the “/” function operator, 
labeled “counter”221 and “denominator”223. In response to 
the user selecting “counter”221, the interface may display a 
menu of possible data items for the operand. In the example 
of FIG. 26, the user chooses “node”222. To implement the 
formula described above, the user then chooses “total 
costs”224 from the resulting submenu 219 as the data item 
for the “counter” operand 221 for the division “/” operator 
220. As shoWn, the interface 200 proposes only data items 
having a dimension type of “amount” as choices for the 
“counter” operand on submenu 219 because to produce the 
price-dimensioned result “calculated price”202, the numera 
tor of the division operator 220 should have a dimension of 
type amount. 

[0063] Referring to FIG. 2f, exemplary interface 200 may 
similarly display, and the user may similarly select “sales 
quantity”228 for the “denominator” operand 227 of the 
division operator 220. And again as shoWn, interface 200 
may propose data items having a dimension type of “quan 
tity” (such as “sales quantity”228) as choices for the 
“denominator” operand on a submenu because to produce 
the price-dimensioned result “calculated price”202, the 
denominator of the division operator 220 should have a 
dimension of type quantity. 
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[0064] As shown in FIG. 2g, using exemplary interface 
200, the user may next choose an operator for the “if false” 
branch 230 of the IF operator 206. For instance, to imple 
ment the exemplary formula, the user chooses the function 
“/” (division) 234 from a submenu after selecting “arith 
metic functions”232 from a menu of available operator 
types. 
[0065] As shoWn in FIG. 2h, When the user de?nes the 
“counter” operand of the “/” function operator 234, interface 
200 may display a menu of possible data items for the 
operand, alloWing the user to choose “node”236. To imple 
ment the exemplary formula, the user chooses “total 
costs”238 from the resulting submenu 239 as the “counter” 
operand for the division “/” operator 234. As shoWn, inter 
face 200 may propose only data items having a dimension 
type of “amount” as choices for the “counter” operand on 
submenu 239 because to produce the price-dimensioned 
result “calculated price”202, the numerator of the division 
operator 234 should have a dimension of type amount. 

[0066] Referring to FIG. 2i, exemplary interface 200 may 
similarly display, and the user may similarly select “sched. 
activity”242 for the denominator operand of the division 
operator 234. And again as shoWn, interface 200 may 
propose data items having a dimension type of “quantity” as 
choices for the “denominator” operand on submenu 243 
because to produce the price-dimensioned result “calculated 
price”202, the denominator of the division operator 234 
should have a dimension of type quantity. For this branch of 
the “IF” operator, “sales quantity” is Zero, so the user and 
formula builder avoids dividing by Zero and uses the “sched 
ule activity” function operand 242 to return a non-Zero, 
quantity-dimensioned value and/or perform divide-by-Zero 
error handling. 

[0067] As described With respect to FIGS. 1 and 2, a user 
may create or edit a formula With operands containing 
different yet compatible dimensions. In one embodiment 
consistent With the invention, during run-time or execution 
of a formula, the formula builder process may check Whether 
any dimension unit conversions, such as currency unit 
conversions for operands having an amount dimension, are 
necessary based on the data input and perform them auto 
matically. Additionally, or alternatively, the application may 
specify the currency or other unit type of the result to be 
returned by the formula. 

[0068] In one embodiment consistent With the invention, 
unit type checks and any necessary unit conversions are 
performed at formula run time or evaluation time because 
the exact unit type of an operand’s dimension is often 
unknoWn until the formula is evaluated using the data items 
referenced by the operands, Which are variable. For 
example, a formula template for spreadsheets to calculate 
project costs does not contain cell values When it is created. 
The units or currencies of the referenced cell operands is 
unknoWn at formula creation time, but it is knoWn, for 
example, that a certain column Will contain quantities With 
some type of unit or that the function “GetPrice( )” Will 
alWays return a price, Which includes a currency unit and a 
quantity unit. Checks and conversions of the operands’ units 
and other units can be performed When the template has been 
used to create a neW spreadsheet containing cell values and 
the formula is evaluated using these values. 

[0069] For purposes of illustration, FIG. 3 is a How chart 
of an exemplary process for implementing a formula With 
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unit conversion. As With other embodiments of the inven 
tion, the exemplary method of FIG. 3 may be implemented 
as a computer-executable process using a data processing 
system or another suitable computing environment. In the 
example of FIG. 3, the type of unit conversion illustrated is 
for currency conversion. The currency conversion of FIG. 3 
is applicable to formulas of the form “=a+b,” Where a and b 
are amounts of currency. As Will be appreciated by those 
skilled in the art, the exemplary process of FIG. 3 may be 
adapted for other formulas, as Well as other types of unit 
conversion (e.g., Weight, volume, etc.). 

[0070] In evaluating the formula “=a+b,” the process ?rst 
determines Whether the data input for operands a and b have 
the same currency unit type (step 305). If not (step 305, 
False), the process determines Whether the application pro 
gram expects the output of the formula to be of a certain 
currency type, shoWn as currency type “x” (step 315). If not 
(step 315, False), the process converts the value for amount 
b into an equivalent value amount of the currency type of 
operand a (step 320). If, on the other hand, the application 
program does expect the output of the formula to be cur 
rency type “x” (step 315, True), then the process converts 
both data inputs for the operands a and b to amounts of 
currency type “x” (step 325). 

[0071] If the original currency types of a and b are the 
same (step 305, True), or after conversion to the same type 
(step 320 or step 325), the process calculates the sum of a 
plus b to produce a result (step 330). 

[0072] If the currency type of the result is the expected 
output currency type for the formula (step 335, True), then 
the process returns the calculated result (step 350). 

[0073] If, on the other hand, the currency type of the result 
is not the output currency type expected by the application 
using the formula (step 335, False), then the process con 
verts the result to an amount of expected currency type “x” 
(step 345), and returns the converted result (step 350). 

[0074] One of ordinary skill Will recogniZe that a similar 
process can be used to convert unit types other than the 
currency types illustrated, consistent With the invention. For 
example, the invention may be implemented to convert 
pro?ts, costs, percentages, Weights, distances, volumes and/ 
or any other units of measure, value, etc. 

[0075] In another embodiment consistent With the inven 
tion, each time a formula is evaluated the application pro 
gram or user can choose either to use default unit conver 

sions or to provide their oWn conversion service. By Way of 
example, FIG. 4 is a How chart of an exemplary process for 
implementing such an embodiment. The exemplary method 
of FIG. 4 may be implemented as a computer-executable 
process using a data processing system or another suitable 
computing environment. In the example of FIG. 4, the type 
of unit conversion described is again currency conversion. 
As noted above, embodiments of the invention are not 
limited to currency conversion and, accordingly, the 
embodiment of FIG. 4 may be adapted for handling other 
types of unit conversion, either alone or in combination. 

[0076] As shoWn in FIG. 4, the process determines 
Whether a default conversion is to be used (step 400). If so 
(step 400, Yes), the process uses built-in or pre-stored unit 
conversion(s) (step 405). In the case of currency unit con 
versions, currency exchange rates may be stored to perform 










